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RUSTY BLACKBIRD USE OF COMMERCIAL SPRUCE-FIR FORESTS
OF NORTHERN NEW ENGLAND
By Luke M. Douglas
Thesis Advisor: Dr. Amber Roth

An Abstract of the Thesis Presented
In Partial Fulfillment of the Requirements for the
Degree of Master of Science
(in Forest Resources)
May 2022
The Rusty Blackbird (Euphagus carolinus) has experienced a steep population decline
since the 1970s, with qualitative accounts suggesting that the species’ numbers have been falling
prior to the 1950s. The reason for this decline is still not fully understood, though recent work
suggests that habitat destruction and disturbance in the breeding and wintering ranges are likely
causes. The species is a habitat specialist that relies on spruce-fir stands located near wetlands for
breeding in the boreal and Acadian forests of North America. Historically, the natural
disturbance regime in the Acadian region included biotic agents such as beaver and spruce
budworm, though over the last century anthropogenic change due to commercial logging has
become more commonplace. Rusty Blackbird response to intensive commercial forestry
practices within their breeding range has yet to be assessed fully. I examined Rusty Blackbird
nesting and fledgling habitat selection and survival in intensively managed forests that contained
practices such as precommercial thinning and regenerating clearcuts in Maine and New
Hampshire. Fledglings were affixed with VHF-radio transmitters and tracked via radio telemetry.
Nest and fledgling use points were compared to paired, random points to determine habitat and

harvest metrics that were preferentially selected. We used resource selection functions (RSFs) in
the form of general linear mixed models (GLMMs) to compare used to available points at
multiple spatial scales. Similarly, we ranked daily survival rates (DSR) models to identify what
habitat characteristics were associated with nest and fledgling survival. We found that adult
Rusty Blackbirds selected nest sites with ~50% wetland cover and an average canopy cover of
~40% in a 30-m radius around the nest at the stand scale, and by basal area at the within-stand
scale. At the among-stand scale, nest DSR increased in stands with lower average canopy heights
and lower cover of precommercially thinned stands in 30-m radii around the nest. At the withinstand scale, nests had higher DSR when placed higher in trees and not in precommercially
thinned stands. Fledglings selected areas with wetland cover of greater than 25% and average
canopy heights of 50-75% in the first two weeks following fledge, and selected for stream sides
and average canopy heights of ~60% after the first two weeks since fledge. While our fledgling
sample size was small (n=35), fledgling DSR decreased in stands with lower average canopy
heights. Overall, nest and fledgling survival (65% and 71%, respectively) was high in northern
New England, though our results suggest that precommercially thinned stands may act as
ecological traps for nesting Rusty Blackbirds.

Keywords: Rusty Blackbird, Euphagus carolinus, habitat selection, nest survival, fledgling
survival, forest management
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CHAPTER 1: AN INTRODUCTION TO THE RUSTY BLACKBIRD AND ITS PLIGHT
The Rusty Blackbird (Euphagus carolinus) is a wetland-associated songbird that breeds
across the boreal forest from Alaska to the Acadian forest of northern New England. A habitat
specialist, the species nests in young spruce-fir stands adjacent to wetlands in which they feed
primarily on aquatic invertebrates (Pachomski et al. 2021). Over the past century, the species has
experienced a dramatic population decline (Greenberg and Matsuoka 2010). While the Rusty
Blackbird is notoriously hard to census due to the remoteness of its breeding and wintering
habitat, the North American Breeding Bird Survey (BBS) and the Christmas Bird Count (CBC)
provide broad-scale data to assess population trends. From 1966 to 2008, BBS data suggest that
the species underwent a decline of 9.3% per year, while the less-strictly-standardized CBC
estimates a decline of 5.3% per year from 1965 to 2007 (Greenberg and Matsuoka 2010).
Drawing from these sources, current estimates indicate that the species has declined by over 85%
since the 1970s, with qualitative data from historical accounts compiled by Greenberg and
Droege (1999) indicating that the species has been declining prior to the 1950s (Greenberg and
Matsuoka 2010). This alarming downturn has placed the bird on the IUCN Red List as
threatened, as well as earned it listing on the Committee on the Status of Endangered Wildlife in
Canada’s list of species of special concern and the U.S. Fish and Wildlife Service’s Birds of
Conservation Concern (Savignac 2006, IUCN 2017, U.S. Fish and Wildlife Service 2021).
Several explanations have been proposed to account for this sharp decline, including a
heightened concentration of mercury within the birds’ bloodstreams from bioaccumulation,
hematazoa infections, and northward breeding range retraction due to the effects of climate
change (Barnard et al. 2010, Edmonds et al. 2012, McClure et al. 2012). Additionally, habitat
destruction within the species’ wintering range is believed to be an important factor (Greenberg
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and Matsuoka 2010). Since European settlement, much of the habitat associated with Rusty
Blackbird occupancy has been destroyed or converted, with 75-80% of bottomland hardwood
forests in the U.S. converted to agriculture (Greenberg and Matsuoka 2010). Much of this
conversion has occurred in the Mississippi Alluvial Valley and the Southeastern Coastal Plain,
where the species winters before returning north to breed (Hamel et al. 2009). The seasonal
Rusty Blackbird cycle is complicated by the inclusion of stopover behavior similar to that
practiced by migratory shorebird species (Wright et al. 2018). Tagged birds have been
documented to spend more time during stopover than at their wintering sites (Wright et al. 2020).
Birds on stopover select emergent and woody wetlands and avoid cultivated crops, which could
suggest that shortages of these wetland cover types during migration could affect survival
(Wright et al. 2020). The species’ breeding habitat has also undergone changes, with areas in the
southern boreal zone being cleared for agriculture alongside extensive commercial logging
operations (Greenberg and Matsuoka et al. 2010, Greenberg and Droege 1999).
Rationale and Significance. Before effective management plans can be developed to recover a
species like the Rusty Blackbird, the factors driving the population decline need to be identified.
The inability of previous work to account for the species’ rate of decline has spurred the need to
understand new aspects of the birds’ ecology, such as their use of intensively managed
landscapes and effects of this management on demographics. As human development and
economic pursuits continue to encroach on wildlands throughout the world, it is increasingly
important to develop strategies that allow for the protection and survival of imperiled species
alongside human land uses. This is especially true in northern New England, where commercial
forestry is an important component of local economies; the economic impact of the forest
products industry in Maine alone is estimated at $8.5 billion (FOR/Maine 2018). Additionally,
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examining Rusty Blackbird response to intensive forestry practices in northern forests could shed
light on the effects to other species sharing these environments. The plight of the Rusty
Blackbird could be the indicator of a larger problem, as many species that breed in boreal forests
are declining and those that breed in boreal wetlands include some of the fastest declining birds
in North America (Niven et al. 2004, Greenberg and Matsuoka 2010). Spruce-fir obligates are
more likely to decline significantly than species also associated with other environments, and
species that are considered ecological indicators for the spruce-fir community such as the
Magnolia Warbler (Setophaga magnolia) and Bicknell’s Thrush (Catharus bicknelli) have
experienced significant declines (Ralston et al. 2015). Investigating the Rusty Blackbird’s
breeding ecology in commercial spruce-fir forests of northern New England can inform
sustainable forestry practices affecting a sensitive avian community, as well as provide crucial
new information to save this imperiled species. The goal of my thesis was to investigate Rusty
Blackbird nest and fledgling site selection and survival in commercial spruce-fir forests. I
accomplished this through fieldwork involving nest searching and monitoring and tracking
juvenile birds with radio telemetry. These study components are detailed in chapters 2 and 3.
In chapter two, I investigate Rusty Blackbird nest-site selection and survival in
commercial forests, including those with pre-commercial thinning, of western Maine and
northern New Hampshire. I describe site selection at two spatial scales, within-stand and amongstand, using a series of metrics derived from field measurements, publicly available geospatial
data, and forest inventory data provided by cooperating landowners, and state LiDAR data. I use
these same metrics to identify factors influencing Rusty Blackbird nest survival. I conclude the
chapter by offering suggestions for managing nesting habitat for this species in northern New
England.
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In chapter three, I use the same study sites and habitat metrics in western Maine and
northern New Hampshire to examine habitat selection and survival of juvenile Rusty Blackbirds
after fledging. Using VHF radio transmitters, I tracked young birds for the month following
fledge, characterized habitat at used and random sites, and identified habitat metrics associated
with fledgling habitat selection. At the end of the chapter, I offer suggestions for promoting
occupancy and survival of Rusty Blackbird fledglings in commercial forest landscapes. Habitat
management recommendations from both Chapters two and three can be incorporated into future
revisions of regional habitat management guidelines for the species (Foss and Lambert 2017).
Bird capture, handling, and marker use was conducted under the University of Maine’s
Institutional Animal Care and Use Committee approved protocol A2018-11-04. These activities
also were approved by the USGS Bird Banding Lab under permits #23856 and #23899 and
Maine Department of Inland Fisheries and Wildlife under Scientific Collection Permits #2019560 and #2021-560. Birds captured in New Hampshire were authorized by New Hampshire Fish
and Game Department banding permits issued to Jerome Barry on June 18th, 2018 and to Patricia
Wohner on March 25th, 2019 and May 14th, 2021.
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CHAPTER 2: RUSTY BLACKBIRD NEST SITE SELECTION AND SURVIVAL IN
COMMERCIAL FORESTS
Abstract
Forest management alters vegetative structure and has important implications for wildlife
habitat management. We examined commercially managed forest use by a globally-threatened
spruce-fir obligate, the Rusty Blackbird to identify characteristics associated with nest site
selection and nest survival in northern New England. We described nest site selection at two
spatial scales using resource selection functions (RSFs) and calculated daily survival rates (DSR)
in relation to a suite of habitat variables. Wetland cover of 40-60% and partial (25-50%) canopy
cover within a 30-meter radius best explained Rusty Blackbird nest site selection among stands,
while selection within stands was positively associated with basal area of small softwoods (DBH
< 10 cm). Daily nest survival decreased with increasing canopy height and coverage of stands
that had undergone precommercial thinning within the past twenty years, while daily nest
survival increased with increasing nest height. Overall nest survival was high; however, our
results suggest that pre-commercially thinned stands located near freshwater wetlands may be
ecological traps. We recommend that managers promote management of dense young softwoods
(DBH < 10cm) near freshwater wetlands, and discourage precommercial thinning operations in
these softwood stands within 250 m of wetland borders.

5

Introduction
Forest management alters vegetative structure and can change species composition,
which has important implications for bird species (Rolek et al. 2018, Rolek et al. 2021). Forest
management can be an effective tool for creating habitat, though it’s important to note that
silvicultural prescriptions can affect species in different ways (Zobel et al. 2021). Indeed, forest
management often benefits one species or group of species at the expense of others, depending
on habitat associations (Lopez et al. 2017, Zobel et al. 2021). Understanding the effects of forest
management on wildlife populations is essential for biologists and land managers to develop
effective conservation plans.
Understanding the effects of forest practices on wildlife is of particular importance to the
Acadian forest region where biodiversity is particularly high (Loo and Ives 2003). This region is
a unique ecological transition zone between the hardwood-dominated forests to the south and the
boreal forests to the north and is primarily dominated by balsam fir (Abies balsamea) and red
spruce (Picea rubens) with a mix of dominant hardwood species including sugar maple (Acer
saccharum), yellow birch (Betula alleghaniensis), and American beech (Fagus grandifolia) (Loo
and Ives 2003). The diverse tree species in the region create a patchwork of softwood-dominated,
hardwood-dominated, and mixedwood forest stands. The region’s disturbance regime is largely
characterized by small-scale, frequent events such as windthrow, snow loading, and beaver
flooding, though stand-replacing events in the form of spruce budworm (Choristoneura
fumiferana) outbreaks and hurricanes occur less frequently (Naiman et al. 1994, Seymour 2002,
Loo and Ives 2003). As one of the largest expanses of contiguous forest in eastern North
America, the Acadian forest provides important breeding habitat for many spruce-fir associated
bird species, many of which are facing significant declines (Rosenberg et al. 2019). Spruce-fir
6

obligates have been shown to be more likely to decline significantly than species that also use
other ecosystems (i.e., spruce-fir associates) (Ralston et al. 2015). Some species that are
considered ecological indicators for the spruce-fir community such as Magnolia Warbler
(Setophaga magnolia), Blackpoll Warbler (Setophaga striata), Yellow-bellied Flycatcher
(Empidonax flaviventris), and Bicknell’s Thrush (Catharus bicknelli) are all experiencing
significant declines (Ralston et al. 2015). Of the bird species that breed in the Acadian forest, the
Rusty Blackbird is among the most rapidly declining (Niven et al. 2003).
The Rusty Blackbird (Euphagus carolinus) is a species of conservation concern that
breeds near wetlands in spruce-fir forests across northern New England, Canada, and Alaska.
This species has declined precipitously by over 85% since the 1970s, making it one of the most
rapidly declining species on the continent (Greenberg and Droege 1999, Greenberg and
Matsuoka 2010). As a consequence of this trend, this species is identified as threatened on the
IUCN Red List, and included on the Committee on the Status of Endangered Wildlife in
Canada’s list of species of special concern and the U.S. Fish and Wildlife Service’s Birds of
Conservation Concern (Savignac 2006, IUCN 2017, U.S. Fish and Wildlife Service 2021).
Several potential explanations for this sharp decline include a heightened blood concentration of
methylmercury from bioaccumulation, hematazoan infections, and northward breeding range
retraction due to the effects of climate change (Barnard et al. 2010, Edmonds et al. 2012,
McClure et al. 2012); however, none have been able to account for the full magnitude of the
decline (Greenberg and Matsuoka 2010). Previous work (Powell et al. 2010, Buckley Luepold et
al. 2015) in New England reported Rusty Blackbirds nesting in commercially regenerated forest
stands, including those resulting from clearcuts and some that have undergone precommercial
thinning (PCT), but effects of these practices on reproduction remain unstudied. Indeed, Powell
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et al. (2010) suggested that nests placed in harvested stands could be acting as ecological traps,
though results from Buckley Leupold et al. (2015) didn’t support this assertion. Research with
other species in the region has demonstrated that intensive forestry practices can have varied
effects on bird populations; for example, forest thinning has been shown to increase the relative
abundance of certain passerines, while reducing that of others (Hayes et al. 2003). Understanding
how intensive forestry practices impact Rusty Blackbird breeding ecology are of particular
importance in northern New England, where over 75% of the land in New Hampshire, Vermont,
and Maine is forested and over 70% of these forests are harvested timberlands (USDA Forest
Service 2020).
The goal of this study was to improve our understanding of Rusty Blackbird breeding
ecology in spruce-fir forests undergoing intensive forest management practices in northern New
England. Our first objective was to use resource selection functions (RSFs) to identify habitat
characteristics associated with Rusty Blackbird nest site selection in commercial forests that
include PCT. Our second objective was to identify habitat characteristics affecting the daily
survival rate (DSR) of Rusty Blackbird nests located in landscapes where PCT is practiced and
to determine if these characteristics were also associated with nest site selection. Results from
this study will inform land managers’ decisions to use intensive management practices in Rusty
Blackbird breeding habitats and revision of regional habitat management guidelines (Foss and
Lambert 2017).
Methods
Study Sites. Our research was conducted in the Acadian forest of northern New England, an
ecological transition zone that displays characteristics of both the broadleaf-dominated forests to
the south, and the Canadian boreal forest to the north (Seymour et al. 2002). This region
8

represents the southernmost extent of the Rusty Blackbird’s breeding range, which has retracted
143 km northward since the 1960s (McClure et al. 2012). While the Acadian forest features
hardwood species uncharacteristic of the broader boreal forest to the north (Seymour et al. 2002,
Wells et al. 2020), we believe our work to be broadly applicable for managing Rusty Blackbirds
throughout their range given their close association with spruce-fir forests. Even-aged
management was common throughout our study region, where spruce-fir stands were usually
regenerated naturally using clearcutting. The study region contained numerous freshwater
wetlands adjacent to young, regenerating softwood stands.
During our first field season in 2019, we used two study sites in northern New England.
The first site consisted of managed forest in Coos County, New Hampshire and Oxford County,
Maine where Rusty Blackbird demographic research has been conducted since 2010 (Wohner et
al. 2020). This site was mostly owned and managed by two timberland investment companies
(hereinafter: Company A and Company B), while the remainder of the area was managed by
Umbagog National Wildlife Refuge. Dominant tree species included balsam fir, red spruce,
eastern white pine (Pinus strobus), sugar maple, yellow birch, American beech, paper birch
(Betula papyrifera), and red maple (Acer rubrum). The landscape contains a patchwork of
softwood-dominated, hardwood-dominated, and mixedwood stands. The site had undergone
timber harvesting, but PCT has not been utilized following stand regeneration. The second site
was predominantly composed of intensively managed spruce-fir stands owned by Company B in
Franklin and Somerset Counties, Maine. The site had a similar tree species composition as our
first site, though has a greater abundance of softwood-dominated stands. The site included
naturally regenerated spruce-fir stands managed with the clearcut method and, in some cases,
tended using PCT. No previous demographic work with the Rusty Blackbird had been conducted
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in this area, though nesting pairs had been reported from unrelated bird studies (A. Roth and K.
Wilson, personal observations). During our second field season in 2021, we added a third study
site to include holdings owned by a third timber investment company (hereinafter: Company C)
in the area around Aziscohos Lake, the Richardson Lakes, and Davis Township in Oxford and
Franklin Counties, Maine. Clearcutting and PCT practices were implemented in this area, which
featured a similar suite of softwood species such as balsam fir, red spruce, and black spruce
amidst hardwood-dominated and mixedwood stands.
PCT on lands managed by Company B in Franklin County, Maine targeted all non-crop
trees up to 12.7 cm (5 in) in diameter at the stump, including hardwoods over 3.7 m in height,
and was performed 8-12 years after the initial clearcut. All softwood trees greater than 12.7 cm
in diameter at the stump were left, and hardwoods were removed unless they were more than 3.7
m away from a crop tree. The target stocking for stands on Company B lands was 1,680-1,977
well-spaced trees per hectare (680-800 trees per acre). PCT on lands managed by Company C in
Oxford County, Maine targeted all non-crop trees up to 11.4 cm (4.5 in) diameter at breast
height, leaving only spruce and fir. The target stocking for stands managed by Company C was
1,739 trees per hectare (700 trees per acre).
Territory and Nest Surveys. Presence-absence surveys for territorial pairs began in early May
when Rusty Blackbirds started arriving to breed. We selected survey sites based on remotely
sensed data that we examined for characteristics associated with Rusty Blackbird foraging and
breeding such as wetlands, streams, and areas with exposed mud and shallow pools.
Investigations by foot targeted areas with these types of surface water, upland softwood forest,
and spruce-fir stands less than 5 m tall (Powell 2008, Buckley Luepold et al. 2015). We visited
sites for a passive 30-minute listening period to determine occupancy, similar to Wohner et al.
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(2020) and Matsuoka et al. (2010). We performed additional roadside surveys using a protocol
described by Powell (2008) and later modified by Buckley Luepold et al. (2015). This involved a
brief passive listening period followed by playback of Rusty Blackbird vocalizations from a
portable MP3 player with speaker, before another passive listening period began. Once we
confirmed Rusty Blackbird occupancy in a given area, we searched for nests using methodology
suggested by Martin and Geupel (1993), in which observers remain hidden while observing adult
birds commuting to the nest site with nesting material or food for young. Once found, we
monitored every 3-5 days to determine hatch day and fate. We followed nest check protocols
outlined by Ralph et al. (1993) to avoid disturbing incubating females and attracting predators to
the nest. We recorded the nesting stage (building, incubating, nestlings, or partial/full fledge),
number of eggs, number of nestlings, presence of adults, date, and nestling age after each visit.
Among-Stand Nesting Habitat Measurements. We examined habitat use at two spatial scales,
among-stand and within-stand, to account for the hierarchal nature of Rusty Blackbird habitat
selection (Gaillard et al. 2010, Buckley Leupold et al. 2015). At the among-stand level, we
adopted a paired-point, use-availability design where we generated ten random points for each
used nest point (Johnson 2006). We used ArcMap v10.8 (ESRI 2020) to map nest locations and
random points and extract associated habitat metrics from the geographic information system
(GIS). To establish areas of available nest habitat, we identified the nearest wetland complex (as
determined by consulting landowner stand maps and National Wetlands Inventory (USFWS
2014) data) to each nest and measured the distance from the nest to the edge of the wetland. I
then established a wetland buffer distance of 250m, the distance within which >95% of nests
occurred. We buffered foraging wetlands that had nests farther away than 250m with the actual
distance from the edge of the wetland to the associated nest. We generated ten random points
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within each nest’s available area, removing from analysis any points that fell in bodies of open
water or on roadways. We buffered each point with radii of 30m, 50m, 70m, and 100m and
quantified percent cover metrics for each buffer using the tabulate intersection and zonal
statistics tools in ArcMap. We used the most recent available LiDAR datasets for the region, the
2016-2018 USGS Umbagog set for New Hampshire and Maine (OCM Partners 2022a) and the
2016 USGS Western Maine QL2 set (OCM Partners 2022b), to create average canopy height,
average canopy cover, and relative number of small tree rasters. We created the canopy height
raster by subtracting the topmost LiDAR point return value from a standardized terrain model
(LiDAR point return value at ground surface) in 1-m2 cells. We created the canopy cover raster
by calculating average cover of LiDAR point returns above 2 m in 10-m2 cells. We created the
small trees raster using a predictive modeling approach developed by Dr. Elias Ayrey. We used
U.S. Forest Service Forest Inventory and Analysis plots incorporated with satellite spectral,
phenological, and disturbance data, as well as biomass, mean tree height, quadratic mean
diameter, and percent softwood rasters in the “randomForest” package in Program R to predict
the relative number (compared across stands) of small trees with a DBH of 2.54-10 cm in 10-m2
cells (E. Ayrey and K. Wilson, personal communication). Other variables included cover metrics
quantified as a percentage such as cover of seedling and sapling softwood stands, low slope (8%)
soils, and softwood stands that had undergone PCT, as well as the distance from random points
to roads and stream and wetland flowlines (Table 1.1). All metrics characterized around use
points were also used in the survival analysis.
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Table 1.1. Description, optimized scale, and source of variables used in Rusty Blackbird nest site
selection and survival models at the among-stand scale in New Hampshire and Maine, USA,
2019 and 2021 (n = 77). The optimized scale for each variable was chosen among four scales
(30m, 50m, 70m, and 100m) by highest AICc value ranking.
Variable
Canopy Height

Description
Average height (m)
of trees within buffer

Canopy Cover

Average canopy
cover (%) above 2 m
within buffer

Small Trees

Relative number of
small trees within
buffer

Young Softwood

Percent cover of
softwood seedling
and sapling stands in
buffer.
Percent cover of 0 to
8% slope soils in
buffer
Percent cover of
precommercially
thinned stands within
the past 20 years.
Percent cover of all
wetlands in buffer

Slope8 Soils

PCT 20 Years

Wetlands

Optimized Scale Source
30 m
2016-2018 LiDAR:
Umbagog (NH,lME),
2016 USGS LiDAR:
Maine QL2 (OCM
Partners 2022a,b)
30 m
2016-2018 LiDAR:
Umbagog (NH,ME),
2016 USGS LiDAR:
Maine QL2 (OCM
Partners 2022a,b)
30 m
2016-2018 LiDAR:
Umbagog (NH,ME),
2016 USGS LiDAR:
Maine QL2 (OCM
Partners 2022a,b)
30 m
Landowner Stand
Inventory

30 m

Web Soil Survey (NRCS
2019)

30 m

Landowner Stand
Inventory

70 m

National Wetlands
Inventory (USFWS
2014)
State Roads Shapefiles
(MESCB 2021,
NHDOT 2021) and
Landowner Maps
National Hydrography
Dataset (USGS 2016)

Roads

Distance (m) from
n/a
point to nearest paved
or dirt road

Flowlines

Distance (m) from
point to nearest
stream, river, and
wetland flowlines

n/a
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Within-Stand Nesting Habitat Measurements. We recorded similar nest site characteristics to
those described by Buckley Luepold et al. (2015), as adapted from James and Shugart (1970).
Similar to the stand-scale analysis, we used a paired-point, use-availability design (Garshelis
2000, Johnson et al. 2006) to place habitat measurement plots at the nest (i.e., use points) and at
a randomly-selected point (i.e., availability points) 50 m away within the same stand and in
suitable nesting substrate (a softwood tree 1-5 m tall). We chose 5-m radius plots because
previous work by Powell (2008) found no statistical difference between 5-m and 11-m plots
when assessing nest site characteristics. We visually estimated percent ground cover of herbs,
shrubs, and trees, where shrubs are any woody plant ≤3m and trees are >3m. We recorded the
number of branches supporting the nest, nest height, tree species, tree height, and diameter at
breast height (DBH). Using a 3-m PVC pole, we counted the number of woody stems that have
branches or shoots that touch the pole every meter along 5-m transects in each cardinal direction.
We estimated canopy cover using a GRS densitometer (or moosehorn) by taking 105 readings,
one at the center of the plot and thirteen in each cardinal and intercardinal direction. We used a
15-factor prism to determine total basal area and basal area of small conifers (DBH <10cm). We
used the same field metrics recorded from use points in the survival analysis (Table 1.2).
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Table 1.2. Description of variables used in Rusty Blackbird nest habitat selection and survival
models at the within-stand scale in New Hampshire and Maine, USA, 2019 and 2021.
Variable
TotalBA (m2 ha-1)

Description
Total basal area (m2 ha-1) of point derived via
15 BAF prism.
2
-1
BA Small Softwood (m ha ) Basal area (m2 ha-1) of softwood trees with
DBH < 10 cm derived via 15 BAF prism.
Nest Tree Height (m)
Height of the nest tree (or randomly paired tree)
Canopy Cover (%)
Canopy cover derived from taking 105
GRS densitometer measurements, one at the
center point and 13 along 5-m transects at
each cardinal and intercardinal direction.
Herb Ground Cover (%)
Visual estimation of percent ground cover
within a 5-m radius circle of nonwoody
vegetation.
Shrub Ground Cover (%)
Visual estimation of percent ground cover
within a 5-m radius circle of woody
vegetation ≤3m.
Tree Ground Cover (%)
Visual estimation of percent ground cover
within a 5-m radius circle of woody
vegetation >3m.
Stems (#)
Stems counted while walking a vertical 3-m
PVC pole 5 m in each cardinal direction
from a center point and tallying every
woody tree or shrub that touches the pole.
Canopy Height (5-m radius) Mean canopy height from state LiDAR data
in a 5-m radius circle around the nest
point.
RelNTH
Nest height relative to the tree in which it was
built.
Rel5MR
Nest height relative to the mean canopy
height in a 5-m radius circle around the nest
point, as derived from state LiDAR.
DBH (cm)
Nest tree diameter at breast height.
Thinned (Y/N)
Binary variable denoting whether or not a nest
was located in a stand that was thinned
within the past 20 years (Y for yes or N for no).
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Habitat Selection Analysis. To reflect our measurements at two spatial scales, we created two
candidate model sets: (1) a model set that ranked our among-stand habitat covariates (Table 1.1)
and (1) one that ranked our within-stand habitat covariates (Table 1.2).
Correlations. We scaled each covariate and examined the Pearson correlation coefficients for all
combinations of variables and removed the lower ranking variable if two variables were highly
correlated (r>0.6). Canopy height was correlated (r = 0.73) with canopy cover as derived from
LiDAR, though canopy height ranked higher in the nest survival analysis and canopy cover
ranked higher in the habitat selection analysis, so we retained both covariates. For within-stand
metrics, the basal area of small softwoods (DBH < 10cm) was strongly correlated with total basal
area (r= 0.90), so we removed total basal area. Nest tree height was strongly correlated with
DBH (r = 0.78), so we removed DBH.
Scale Optimization (Stand-scale set only). We optimized the scale of each stand-scale, GISquantified nesting habitat covariate by subsetting the data by radius (30 m, 50 m, 70 m, or 100
m) before running individual Generalized Linear Models (GLMs) for each covariate at each
radius (Gaillard et al. 2010, Koper and Manseau 2010). We compiled all of the GLMs of a given
covariate into a model list and ranked them according by Akaike Information Criterion for small
sample sizes (AICc) (Burnham and Anderson 2002). We used the top-ranked model for each
covariate to generate a set of univariate models.
Model Ranking. We ranked univariate GLMs for each of the two model sets (among-stand and
within-stand) according to AICc. We built linear and quadratic models for each covariate, and
included the higher-ranking model for each covariate in subsequent two-covariate models; we
did not explore models with additional covariates to avoid overfitting our data given our sample
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size. We built two-covariate models of all possible variable pairings. We included all univariate
(either linear or quadratic) and two-covariate models in a final model set ranked using AICc to
identify the top-ranked model (Burnham and Anderson 2002). We examined 85% confidence
intervals for each parameter in the models that ranked higher than the intercept only model,
noting the parameters with beta coefficients overlapping zero. We used parameters sourced from
the top-ranked model, with beta coefficients not overlapping zero, to create RSFs (Johnson et al.
2006). RSFs were plotted with 85% confidence intervals using the delta method with package
“emdbook” in R statistical software (Arnold 2010, Powell 2007, Bolker 2020).
Nest Survival Analysis. We calculated DSR for nests using 29 exposure days (4 for laying, 13
for incubation, and 12 for the nestling period) based on observations from Powell (2008) and
Matsuoka et al. (2010). We used the “RMark” package in R statistical software (Laake 2013) to
model daily survival rate as a function of habitat covariates (White and Burnham 1999). We
included all failed nests in the survival analysis regardless of failure cause. As with the habitat
selection analysis, survival analysis was conducted on two model sets: (1) among-stand scale and
(2) within-stand scale. For each habitat covariate, we compared a model that held survival
constant over time and a model that allowed survival to vary through time using AICc, and
dropped the model that received less support. We compared a linear and quadratic model using
AICc for each covariate and dropped the model that received less support. Retained univariate
parameters (either linear or quadratic for each covariate) were included in subsequent twocovariate models of all possible pairings. We examined 85% confidence intervals for each
parameter in the models that ranked higher than the intercept only model, and used parameters
with beta coefficients not overlapping zero from the top-ranked model to plot relationships with
DSR.
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Results
We monitored 77 Rusty Blackbird nests in Maine and New Hampshire during the 2019 and 2021
field seasons (Figure 1.1). Blackbirds nested in softwood-dominated stands, hardwooddominated stands, stands that had undergone precommercial thinning, and in freshwater wetlands
with trees. Diameter distributions of nest trees and trees selected via 15 basal area factor prism to
compute basal area indicated that Rusty Blackbirds most frequently nested in softwood trees
with a DBH of 3-4 cm and used trees with DBH of 3-8 cm at a relatively higher frequency than
available trees (Figure 1.2). Distances of nests to wetland edges ranged from 0 m (where the nest
was in the wetland) to 1,114 m, with a mean distance of 62 m. Nest heights ranged from 0.3 m to
9.0 m, with a mean of 2.0 m.
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Figure 1.1. Rusty Blackbird nest locations in New Hampshire and Maine, USA, 2019 and 2021.
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Figure 1.2. Diameter distribution for nest trees and trees selected via 15-BAF prism at Rusty
Blackbird nest sites in New Hampshire and Maine, USA, 2019 and 2021.
Nest Site Selection
Among-stand Scale. For the among-stand scale analysis, we compared habitat metrics (Table
1.1) at 77 nest points to 695 randomly-generated points within wetland buffers (excluding 75
random points that fell within roads or bodies of open water). The top-ranked model from the
among-stand scale model set included canopy cover and wetland cover (Table 1.3, Table 1.4),
both as quadratic relationships with selection (R2 =0.35) (Figure 1.3).
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Table 1.3. AICc model ranking results for among-stand scale two-covariate Rusty Blackbird nest
site selection models in Maine and New Hampshire, USA, 2019 and 2022 (n = 77).
Model
Canopy Covera + Canopy Cover2 + Wetlands + Wetlands2
Canopy Cover + Canopy Cover2 + Slope8 Soils
Canopy Cover + Canopy Cover2 + Young Softwood +
Young Softwood2
Canopy Cover + Canopy Cover2
Canopy Cover + Canopy Cover2 + Canopy Height
Canopy Cover + Canopy Cover2 + Small Trees
Wetlands + Wetlands2 + Young Softwood
Wetlands + Wetlands2 + Young Softwood + Young
Softwood2
Wetlands + Wetlands 2 + Slope8 Soils
Wetlands + Wetlands2
Slope8 Soils + Young Softwood + Young Softwood2
Slope8 Soils + Young Softwood
Young Softwood + Young Softwood2 + Small Trees
Slope8 Soils + Small Trees
Slope8 Soils
Young Softwood + Young Softwood2
Roads + Roads2
Small Tree
Intercept Only

AICcb
289.10
305.58
324.80

∆AICcc
0.00
16.48
35.70

Wid
1.00
0.00
0.00

Ke
5
4
5

330.90
332.46
332.77
374.95
376.91

41.80
43.35
43.67
85.85
87.81

0.00
0.00
0.00
0.00
0.00

3
4
4
4
5

407.43
414.90
440.02
441.71
452.25
453.85
453.98
467.28
481.10
483.24
484.42

118.32
125.80
150.92
152.61
163.14
164.74
164.87
178.17
192.00
194.14
195.32

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4
3
4
3
4
3
2
3
3
2
1

a

Covariates in bold have beta coefficient estimates that do not overlap zero.
Akaike Information Criterion for small sample sizes.
c
Difference in AICc relative to the top model.
d
model weight.
e
number of model parameters.
b

Table 1.4. Beta coefficient estimates for parameters from the top-ranked model (Table 3) for
Rusty Blackbird nest site selection at the among-stand scale in Maine and New Hampshire, USA,
2019 and 2021 (n = 77).
Model Parameter
Intercept
Canopy Cover
Canopy Cover2
Wetlands
Wetlands2
a
b

β Coefficient
-3.07
-2.66
-0.54
1.84
-0.54

LCLa
-3.67
-3.49
-0.82
1.28
-0.75

UCLb
-2.56
-1.94
-0.29
2.43
-0.34

85% lower confidence limit
85% upper confidence limit
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Figure 1.3. Resource selection functions with 85% confidence limits for the top-ranked model of
among-stand Rusty Blackbird nest site selection. Canopy cover (left) was based on a 30-m radius
circle around nest points and associated random points, while wetland cover (right) was based on
a 70-m radius circle around nest points and associated random points.
Within-Stand Scale. For the within-stand scale model set, we compared habitat characteristics
(Table 1.2) for 77 nest points with 77 paired random points with the latter located 50-m away
from the nest point in the same stand. The top-ranked model from this set included the linear
form of basal area of small softwood (DBH < 10 cm) and the linear form of nest tree height (R2 =
0.23) (Table 1.5), the beta coefficients for this model did not overlap zero (Table 1.6). This
model was used to construct an RSF for basal area of small softwoods and nest tree heights
(Figure 1.4). The resulting RSF indicated that Rusty Blackbird favored nest sites with basal area
greater than 35 m2 ha-1 and greater nest tree heights within a stand, though the confidence
intervals displayed a high degree of variance. PCT stands had lower canopy cover, basal area,
and canopy heights (Appendix Table 1.1).
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Table 1.5. AICc model ranking results for within-stand scale two-covariate Rusty Blackbird nest
site selection models in Maine and New Hampshire, USA, 2019 and 2021 (n = 77).
Model
Basal Area Small Softwooda + Nest Tree Height
Basal Area Small Softwood + Canopy Height (5-m Radius)
Basal Area Small Softwood + Tree Ground Cover
Basal Area Small Softwood + Shrub Ground Cover
Basal Area Small Softwood + Stems
Basal Area Small Softwood + Herb Ground Cover
Basal Area Small Softwood
Basal Area Small Softwood + Canopy Cover
Canopy Height (5-m Radius) + Herb Ground Cover
Canopy Height (5-m Radius)
Canopy Height (5-m Radius) + Nest Tree Height + Nest Tree
Height2
Canopy Cover + Herb Ground Cover
Canopy Cover + Shrub Ground Cover
Canopy Cover
Herb Ground Cover
Canopy Cover + Tree Ground Cover
Herb Cover + Stems
Shrub Cover
Canopy Cover + Stems
Canopy Cover + Nest Tree Height + Nest Tree Height2
Herb Ground Cover + Shrub Ground Cover
Nest Tree Height + Nest Tree Height2
Tree Ground Cover
Intercept Only

AICcb
176.37
176.80
180.20
180.50
180.79
181.07
181.17
181.54
202.81
204.44
204.56

∆AICcc
0.00
0.44
3.83
4.12
4.43
4.71
4.80
5.17
26.44
28.08
28.20

Wid
0.41
0.33
0.06
0.05
0.05
0.04
0.04
0.03
0.00
0.00
0.00

Ke
3
3
3
3
3
3
2
3
3
2
4

207.52
207.59
209.45
209.67
209.93
209.96
210.22
210.35
210.41
210.56
211.24
211.35
211.35

31.15
31.22
33.09
33.30
33.60
33.60
33.84
33.99
34.04
33.76
34.44
34.54
34.55

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

3
3
2
2
3
3
2
3
4
3
3
2
1

t

Covariates in bold have beta coefficient estimates that do not overlap zero.
Akaike Information Criterion for small sample sizes.
c
Difference in AICc relative to the top model.
d
model weight.
e
number of model parameters.
b

Table 1.6. Beta coefficient estimates for parameters from the top-ranked model (Table 1.5) for
Rusty Blackbird nest site selection at the within-stand scale in Maine and New Hampshire, USA,
2019 and 2021 (n = 77).
Model Parameter
Intercept
Basal Area (Small Softwoods)
Nest Tree Height
a
b

β Coefficient
0.02
1.25
0.37

LCLa
-0.25
0.91
0.11

85% lower confidence limit
85% upper confidence limit
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UCLb
0.29
1.62
0.65

Figure 1.4. Resource selection function with 85% confidence limits for basal area of small
softwoods and nest tree heights based on the top-ranked model (Table 5) of within-stand Rusty
Blackbird nest site selection in New Hampshire and Maine, USA, 2019 and 2021 (n = 77).
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Nest Survival.
We used 65 nests with complete encounter histories (12 nests lacked sufficient data to determine
initiation and failure dates) to calculate DSR for Rusty Blackbird nests. The top-ranked model in
the among-stand model set contained the linear form of cover of stands undergoing PCT within
the past twenty years and the linear form of canopy height (Table 1.7); parameter beta
coefficients from this model did not overlap zero (Table 1.8). Plotted DSRs indicated that nest
survival was lower in taller stands and those surrounded by stands that had undergone PCT
(Figure 1.5). Nests in areas where PCT had occurred within a 30-m radius had higher failure
rates (67%, or 6 out of 9 nests) than nests in areas without PCT (30%, or 17 out of 56). The topranked model from the within-stand model set was the linear form of nest height and whether or
not a nest was associated with PCT within the past twenty years (Table 1.9); the parameter beta
coefficients from this model did not overlap zero (Table 1.10). Plotted DSRs indicated that
survival was reduced for lower nests and those placed in PCT stands (Figure 1.6).
Table 1.7. AICc model ranking results for stand-scale two-covariate Rusty Blackbird nest
survival models in Maine and New Hampshire, USA, 2019 and 2021 (n = 65).
Model
PCT 20 Yearsa + Canopy Height
PCT 20 Years
Canopy Height + Roads + Roads2
Canopy Height
Canopy Height + Small Tree
Small Tree
PCT 20 Years + Small Tree
Roads + Roads2
Intercept Only

AICcb
152.12
155.37
155.56
155.62
155.65
157.10
157.20
157.41
157.44

∆AICcc
0.00
3.24
3.44
3.50
3.53
4.98
5.07
5.29
5.32

a

Wid
0.43
0.08
0.08
0.08
0.07
0.04
0.03
0.03
0.03

Covariates in bold have beta coefficient estimates that do not overlap zero.
Akaike Information Criterion for small sample sizes.
c
Difference in AICc relative to the top model.
d
model weight.
e
number of model parameters.
b
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Ke
3
2
4
2
3
2
3
3
1

Table 1.8. Beta coefficient estimates from the top-ranked model (Table 7) for Rusty Blackbird
daily survival rate at the stand scale in Maine and New Hampshire, USA, 2019 and 2021 (n =
65).
Model Parameter
Intercept
PCT 20 Years
Canopy Height
a
b

β Coefficient
4.41
-0.01
-0.22

LCLa
3.60
-0.02
-0.39

UCLb
5.22
-0.003
-0.05

85% lower confidence limit
85% upper confidence limit

Figure 1.5. Predicted daily survival rate (with 85% confidence limits) for Rusty Blackbird nests
(n=65) as a function of precommercial thinning cover from the past twenty years and average
canopy height from the top-ranked model (Table 8) at the among-stand scale.
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Table 1.9. AICc model ranking results for within-stand scale two-covariate Rusty Blackbird nest

survival models in Maine and New Hampshire, USA, 2019 and 2021 (n = 65).
Model
Nest Heighta + Thinned Y/N
Nest Height + Canopy Cover
Nest Height + Tree Ground Cover
Nest Height
Nest Height + Canopy Height (5-m Radius)
Nest Height + Rel5MH + Rel5MH
Canopy Cover + Rel5MH + Rel5MH
Canopy Cover + Nest Tree Height
Canopy Cover + Canopy Height (5m Radius)
Canopy Cover
Rel5MH + Rel5MH
Canopy Cover + Thinned Y/N
Canopy Cover + Tree Ground Cover
Nest Tree Height
Canopy Height (5-m Radius)
Tree Ground Cover
Thinned Y/N
Canopy Cover + Basal Area Small Softwood + Basal Area Small
Softwood2
Intercept Only
2

2

2

AICcb
147.51
149.10
149.66
150.34
150.77
151.77
152.51
153.48
153.78
154.13
154.77
155.3
155.66
155.72
156.19
156.21
156.36
156.79

∆AICcc
0.00
1.59
2.15
2.82
3.25
4.25
5.00
5.97
6.26
6.62
7.26
7.79
8.15
8.20
8.68
8.69
8.85
9.27

158.15 10.64

Wid
0.37
0.17
0.13
0.09
0.07
0.04
0.03
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00
0.00

Ke
3
3
3
2
3
4
4
3
3
2
3
3
3
2
2
2
2
4

0.00 1

a

Covariates in bold have beta coefficient estimates that do not overlap zero.
b
Akaike Information Criterion for small sample sizes.
c
Difference in AICc relative to the top model.
d
model weight.
e
number of model parameters.

Table 1.10. Beta coefficient estimates for parameters from the top-ranked model (Table 9) for
Rusty Blackbird daily survival rate at the within-stand scale in Maine and New Hampshire, USA,
2019 and 2021 (n = 65).
Parameter
Intercept
Nest Height
Thinned Y/N
a
b

Estimate
0.94
1.66
-1.33

LCLa
-0.80
0.54
-2.39

UCLb
2.68
2.79
-0.26

85% lower confidence limit
85% upper confidence limit
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Figure 1.6. Predicted daily survival rate (with 85% confidence limits) for Rusty Blackbird nests
as a function of nest height and thinned status from the top-ranked model (Table 10) at the
within-stand scale.
Discussion
Nest Site Selection and Survival. Rusty Blackbirds nested in 3-4 cm DBH softwood trees with
an average nest height of 2.0 m ± 0.1 and an average nest tree height of 3.7 m ± 0.2. Habitat
characteristics at nest sites differed than those at random points at both scales (Appendix Table
1.2). Our RSFs suggested that Rusty Blackbirds selected nest sites with approximately 25-75%
wetland cover with a peak at around 50% in a 70-m radius and 14-45% canopy cover with a peak
around 30%, as measured above ground at 2 m or higher within a 30-m radius. Within stands,
nest sites had basal area of small softwoods (DBH ≤ 10cm) above a threshold of ~35 m2/ha.
However, there was a high variance around the basal area values greater than this threshold,
which suggests a weak relationship and supports a threshold effect.
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Our habitat selection results were similar to findings of past research in the region,
though with notable differences. Past studies found that nest site selection increased with
increasing cover and basal area of young softwoods. Wohner et al. (2020) found that nest site
selection increased as cover of young softwood/softwood-dominated stands increased at the
stand scale, though availability was defined by 90% kernel density estimation based on all nest
locations within a watershed. Both Powell et al. (2010) and Buckley Leupold et al. (2015) found
that nest site selection increased with increasing basal area of small softwoods. Buckley Luepold
et al. (2015) found that Rusty Blackbird nest site selection increased with increasing wetland
cover and cover of young softwood-dominated stands. These past studies found linear
relationships with these covariates, while relationships in our study were quadratic which suggest
blackbirds may select for optimal levels of these important habitat characteristics. A key
difference in results relative to the Buckley Luepold et al (2015) study could be a result of the
method used to define available points; we defined the available area for nest sites based on the
distance of most monitored nests to foraging wetlands, while Buckley Luepold et al. defined
availability at the home range scale based on the maximum distance a nest was found from a
road. Additionally, Buckley Luepold et al. (2015) found that canopy cover influenced nest site
selection, while our model of canopy cover was competitive with the null model. Notably, the
precision of our canopy cover readings was higher than that of Buckley Luepold et al., as we
recorded canopy presence at 105 subplots at both cardinal and intercardinal directions and
Buckley Luepold et al. recorded canopy at only 20 points along cardinal directions. Though we
found similar habitat characteristics to be associated with nest site selection as past studies, our
results provide insights into optimal habitat conditions.
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Though the number of nests associated with PCT was small (n=9), we found that
decreased coverage of precommercially thinned stands and decreased average canopy height in a
30-m radius around nest sites increased nest survival at the among-stand scale. Other studies
have failed to identify stand-scale covariates that influence nest survival (Buckley Luepold et al.
2015, Wohner et al. 2020). Powell et al. (2010) found lower nest survival in harvested forests
than in wetlands, suggesting that managed forests could be acting as ecological traps, though this
was not supported by Buckley Luepold et al. (2015). Though canopy cover proved to be more
influential for nest site selection and canopy height was more influential for nest survival, it is
important to note that these variables were strongly correlated (r=0.76). Within stands, nest
survival increased with increasing nest height and when nests were not associated with stands
thinned within the past twenty years. Basal area of small softwoods did not influence survival,
contrary to the work of Buckley Luepold et al. (2015), which found that nest survival increased
with increasing basal area of small softwoods in both years of their study. Given that Rusty
Blackbirds in our study selected nest sites with partial canopy cover (~30%) and nest survival
increased in stands with shorter canopy heights, we believe that Rusty Blackbirds select nest
sites that increased their odds of survival at the stand level. While stands with taller canopy
heights reduced nest survival, nests placed in taller trees relative to the rest of the stand increased
survival. This trend appears in the work of Matsuoka et al. (2010), who note that nest survival
was lower in trees taller than 11m. Thus, we believe that Rusty Blackbird nest survival is
optimized when the nest was built at least 2 m above the ground, but in areas where the average
canopy height was below 5 m.
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Influence of Precommercial Thinning. When choosing nest sites, Rusty Blackbirds do not
select for or against stands that have undergone PCT within the past twenty years. However, nest
survival decreases when nests are associated with PCT within the past twenty years and 67% of
nests associated with PCT failed. However, this represented a minority of nests included in our
survival analysis (14%, or 9 out of 65 nests) suggesting that either PCT is not a common practice
in our study area or adults are not often choosing these sites. Nevertheless, our result is
consistent with Buckley Luepold et al. (2015), who found 5 nests in PCT stands of which 3
failed and 1 was partially depredated. Our results suggest that thinning softwood-dominated
stands with potential nest trees taller than 2 m and canopy heights less than ~5 m, the optimal
stand development condition, may reduce the chance of nest success.
Overall, nest success across our study region was high (65%, or 42 out of 65 nests) and
was comparable (48-61%) to other nest survival studies for the species (Matsuoka et al. 2010,
Powell et al. 2010, Buckley Luepold et al. 2015, Wohner et al. 2020). Nest success was
considerably lower (30-39%) for other icterids such as Red-winged Blackbirds (Agelaius
phoeniceus), Yellow-headed Blackbirds (Xanthocephalus xanthocephalus), and Brewer’s
Blackbirds (Euphagus cyanocephalus), the closest living relative to the Rusty Blackbird
(Wohner et al. 2020, Duquette et al. 2020). Based on our results and past studies in the region,
we do not have strong reason to believe that nest failure is a driver of Rusty Blackbird population
decline. However, our results suggest that precommercial thinning applied near foraging
wetlands could be acting as an ecological trap for nesting Rusty Blackbirds.
Forest Management Recommendations. Not all spruce-fir stands have equal quality for Rusty
Blackbird nest site selection and survival. To improve likelihood of Rusty Blackbird nest
success, well-developed, closed canopies (canopy cover > 50%) above 2 m should be avoided, as
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the species appears to select nest sites with partial canopy cover (~30% in a 30-m radius around
the nest) above 2 m around their nests. Given apparent higher nest failure in taller stands and
PCT stands, we discourage the implementation of PCT in regenerating spruce-fir stands
surrounding freshwater wetlands. These practices reduce small tree stem densities and horizontal
and near-ground cover (Homyack et al. 2004). They result in longer and wider tree crowns
(Brissette et al 1999) and increase diameter of trees in a stand more quickly (Koger et al. 2002,
Pothier 2002) thus expediting creation of mature-forest conditions. Our results indicate that PCT
stands in our study area had lower basal areas, canopy cover, and canopy heights (Appendix
Table 1.1). We recommend avoiding PCT within 250 m of freshwater wetlands in breeding
areas, as this was the distance within which ~95% of nests were found. On smaller ownerships,
where avoiding PCT over a large proportion of an area may be cost-prohibitive, we recommend
avoiding PCT within ~120 m of wetlands, as this was the distance at which 90% of nests were
found.
Our study represents the first time that LiDAR-derived forest metrics have been used to
describe nest habitat selection and survival for the Rusty Blackbird. We recognize distinct
challenges when working with LiDAR data. Namely, LiDAR is not widely available in all
regions or conducted at the same timeframe across a study area. LiDAR data acquisition should
be close to the time of demographic data collection to directly relate demographic metrics to
habitat metrics derived from LiDAR. Raw LiDAR point cloud data require processing to create
useful metrics such as canopy height and canopy cover that can be tedious and require
substantial computing capacity. Lastly, LiDAR is of limited use for deriving fine-scale metrics
especially when measuring dense, small diameter trees. Our small tree raster consisted of
predicted relative number of small trees when comparing stands across the study area rather than
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an absolute small tree count or density. This was due to the point density of the available LiDAR
data, which is not high enough to distinguish between individual small trees. Despite these
shortcomings, we believe that LiDAR-derived habitat metrics could be of immense value to
future habitat studies, as it allows ecologists and land managers to characterize conditions on the
ground without relying on time-consuming field measurements or accessing private lands.
Our research demonstrates the value of generating habitat metrics by blending datasets
from landowner forest inventories, publicly available geospatial data libraries, LiDAR-derived
sources (public or custom-generated), and field-based data collection. As managers consider
forest management decisions to improve nest habitat for the Rusty Blackbird, these datasets will
be critical tools for planning. First, based on recommendations by Foss and Lambert (2017) and
Manson et al. (2020), we strongly encourage using NWI data supplemented with wetland
information from forest inventories or field-based assessments to identify suitable freshwater
wetlands. Forest cover and size-class data from National Land Cover Data (Dewitz 2019), forest
inventories, or remotely-sensed datasets can identify young softwood or spruce-fir stands. By
combining spatial information that identifies young spruce-fir forests near freshwater wetlands
within the species’ breeding range, potential Rusty Blackbird nest habitat can be identified and
incorporated into forest management planning.
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CHAPTER 3: RUSTY BLACKBIRD FLEDGLING SITE SELECTION AND SURVIVAL
IN COMMERCIAL FORESTS.
Abstract
The Rusty Blackbird is a migratory songbird that breeds in the spruce-fir forests of northern
North America. The species has experienced a dramatic decline since rangewide monitoring
efforts began in the late 1960s, and drivers of this decline remain poorly understood. Fledgling
habitat selection and survival remain understudied aspects of Rusty Blackbird ecology. We
examined Rusty Blackbird fledgling use of commercial forests in New Hampshire and Maine
and identified habitat characteristics associated with fledgling site selection and survival. Rusty
Blackbird fledgling site selection was associated with ~60% wetland cover and ~40% canopy
height in the first two weeks after fledging. At around two weeks, selection shifted to stream
corridors and higher canopy cover (50-75%). Fledgling survival (71% for first 28 days) was
relatively high when compared to other songbird species, and was positively associated with
increasing canopy heights. Canopy cover was strongly correlated with canopy height, suggesting
that fledglings select for areas which increase their chances of survival. Our results suggest that
fledgling survival is not likely a major contributing factor to Rusty Blackbird population decline.
We recommend that extensive woody cover with average canopy height greater than 3.75 m
should be maintained along streams, as these areas were favored by fledglings and were
associated with higher survival.
Introduction
The Rusty Blackbird is a migratory songbird that breeds in spruce-fir forests across northern
North America and winters in the southeastern Coastal Plain and Mississippi Alluvial Valley.
Since the late 1960s, this species has declined by over 85%, making it one of the most rapidly
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declining birds on the continent (Greenberg and Droege 1999, Greenberg and Matsuoka 2010).
This precipitous decline has led to its inclusion on the Committee on the Status of Endangered
Wildlife in Canada’s list of species of special concern and the U.S. Fish and Wildlife Service’s
Birds of Conservation Concern, and as threatened on the IUCN Red List (Savignac 2006, IUCN
2021, U.S. Fish and Wildlife Service 2021). Potential causes of population decline include
elevated blood mercury levels, hematazoan infection, and range retraction due to the effects of
climate change, though none fully account for the rate of decline (Barnard et al. 2010, Greenberg
and Droege 2010, Edmonds et al. 2012, McClure et al. 2012). Observations from recent studies
in Alaska and the Northeast suggest that nest survival is not chronically low, thus nest
productivity does not appear to be an important factor contributing to the decline (Matsuoka et
al. 2010, Powell et al. 2010, Buckley Luepold et al. 2015, Wohner et al. 2020, Douglas Chapter
1). This suggests the need to focus on other aspect of the species’ ecology or life cycle to find an
answer.
Though much is known about nest ecology, the post-fledging period remains an
understudied aspect of Rusty Blackbird breeding ecology. Indeed, there is a relative paucity of
post-fledging studies among all passerines, though past work has demonstrated that this period is
often characterized by high predation rates, especially in the days immediately following
fledging (Rush and Stuchbury 2008, Anders 1997, Jones et al. 2017). Many of these studies have
demonstrated that habitat effects have a significant impact on juvenile survival, suggesting that
alteration of habitat management practices can lead to increased survival (Cox et al. 2014, Streby
et al. 2013, Jones et al. 2017). Fledglings often use habitat types different from those used during
nesting (Akresh et al. 2009). For example, Vitz et al. (2011) described two bird species,
Ovenbirds (Seiurus aurocapilla) and Worm-eating Warblers (Helmitheros vermivorum), that nest

35

in mature forests with relatively open understories often favored areas with dense understory and
increased numbers of woody stems as fledgling habitat, and that these characteristics were
positively correlated with fledgling survival. Other research has shown that fledglings make
long-distance movements from their natal sites, seeking areas with denser vegetation than that of
their nesting habitat (Streby and Andersen 2012). Additionally, habitat optimal for nestling
growth and survival can be suboptimal or different for fledgling survival (Shipley et al. 2013,
Fiss et al. 2021), thus a mosaic of habitat conditions may be needed to meet changing needs
through the breeding season. A prior study examining Rusty Blackbird fledgling habitat selection
and survival in New Hampshire found that fledglings favored areas with greater softwood
sapling and wetland cover and reduced distance to streams, though conclusions were drawn from
a small sample size (n=12) and did not identify habitat features influencing survival (Wohner et
al. 2020). Improving our understanding of post-fledging habitat selection and survival in relation
to habitat characteristics is critical as we seek to understand the species’ range-wide decline.
The Acadian Forest region is an ecological transition zone between the boreal forest and
the temperate broadleaf forest that spans from Vermont to New Brunswick, and provides
important habitat for the Rusty Blackbird at the southeastern limit of its breeding range
(Seymour 2002, Avery 2020). Commercial forestry is ubiquitous in the region, where over 75%
of the land in New Hampshire, Vermont, and Maine is forested with over 70% of these forests
managed as timberlands (USDA Forest Service 2020). Research conducted simultaneously in the
region suggested that precommercial thinning (PCT) of softwood stands near Rusty Blackbird
foraging wetlands could negatively impact nest survival, though the effects of PCT on fledgling
survival remains unknown (Douglas Chapter 1). The goal of this study was to describe Rusty
Blackbird fledgling ecology in commercial spruce-fir forests in New England where intensive
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management practices such as clearcutting and thinning are implemented. Our first objective was
to identify habitat characteristics associated with Rusty Blackbird fledgling site selection in
commercial forests where intensive forestry is practiced by using resource selection functions
(RSFs). Our second objective was to identify habitat characteristics associated with the daily
survival rate (DSR) of Rusty Blackbird fledglings in landscapes where intensive forestry such as
PCT is practiced. Further, we sought to understand if fledgling site selection results in high
fledgling survival or if site selection decisions may be maladaptive. Results from this study will
inform land management decisions in Rusty Blackbird breeding habitats, and be used to revise
species management guidelines (Foss and Lambert 2017).
Methods
Study Sites. In 2018, research was focused in Coos County, New Hampshire and Oxford
County, Maine in the Acadian Forest region of New England. Two timberland investment
companies (hereinafter: Company A and Company B) owned and managed most of this site,
while the remainder of the area was managed by Umbagog National Wildlife Refuge. The area is
actively managed for timber harvesting, but does not contain stands managed with PCT. The area
is dominated by a mix of softwood and hardwood species, including balsam fir (Abies
balsamea), red spruce (Picea rubens), eastern white pine (Pinus strobus), sugar maple (Acer
saccharum), yellow birch (Betula alleghaniensis), American beech (Fagus grandifolia), paper
birch (Betula papyrifera), and red maple (Acer rubrum). Demographic work with breeding Rusty
Blackbirds has been conducted at this site since 2010 (Wohner et al. 2020). In 2019, we
expanded our study area to include additional holdings owned by Company B in Franklin and
Somerset counties, Maine; the site is predominantly composed of intensively managed spruce-fir
stands, some of which have undergone PCT. The site has a similar species composition as our
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first site, though it has larger, more contiguous softwood-dominated forests. No previous
demographic research with the Rusty Blackbird is known in this area, though nesting pairs were
reported in 2018 (Roth and Wilson, personal observations). In 2021, we further expanded our
study area to include holdings owned by a third timberland investment company (hereinafter:
Company C) in Oxford and Franklin counties, Maine. Clearcutting and PCT practices were
implemented in this area, which features a similar suite of softwood species such as balsam fir,
red spruce, and black spruce amidst hardwood-dominated and mixedwood stands. Company B
performed PCT 8-12 years after clearcutting in Franklin County, Maine. They targeted all noncop trees up to 12.7 cm (5 in) in diameter at the base, as well as any hardwoods over 3.7 m in
height. Softwoods trees with a 12.7 cm diameter at the stump were retained, with a target stock
of 1.680-1,977 well-spaced trees per hectare (680-800 trees per acre). In Oxford County, Maine,
Company C targeted all non-crop trees up to 11.4 cm DBH (4.5 in), exclusively leaving spruce
and balsam fir. Company C’s target stocking was 1,739 trees per hectare (700 trees per acre).
The study area, including all study sites, contained numerous freshwater wetlands adjacent to
young, regenerating softwood stands.
Tagging & Tracking Fledglings. Starting in May, we searched for Rusty Blackbird nests by
targeting freshwater wetlands located near young stands of softwood. We watched for adult
commuting behavior between foraging wetlands and nesting stands. Once found, nests were
monitored every 3-5 days to assess nestling age and avoid causing unnecessary disturbance
(Martin and Geupel 1993.) When nestlings reached an age of 7-9 days, the entire family group
was captured and banded. We used 32-mm mesh size mist nets with Rusty Blackbird
vocalization playback to capture adults between 0500-0700 before removing young from the nest
via hand capture. Adults and nestlings received one USGS aluminum band and two metal color
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bands for individual identification. One or two nestlings from each nest were fitted with VHF
radio transmitters weighing ~1.00 - 1.14 g (Model A1055 from Advanced Telemetry Systems in
2018 and 2019, Model Pip Ag376 from Lotek Wireless in 2021). We attached transmitters with a
figure-eight leg-loop method modified from Rappole and Tipton (1991) and Streby et al (2015).
Leg loops were made of 0.5 mm elastic sewing thread with a weak link of rubber band that were
designed to drop off within 70 days of deployment. We tracked fledglings via homing with the
use of a vehicle-mounted magnetic dipole antenna (Model # 13861, Advanced Telemetry
Systems) before following on foot using hand-held receivers (Model R410, Advanced Telemetry
Systems) with 3-element Yagi antennas. We collected locations of tagged fledglings with
handheld GPS units and recorded time, days since fledge, distance from previous point, fledgling
status, and the presence of other adults and juveniles. We located each bird at different times of
the day to capture temporal variation in habitat use. We typically located birds once each day;
however, in cases where multiple points for a fledgling were taken within a day, the points were
collected at least an hour apart. We tracked fledglings until they shed their transmitters,
disappeared beyond our range of detection, or suffered mortality; all transmitter batteries lasted
the duration of the tracking period. A subset of the fledgling locations collected in New
Hampshire during 2019 were estimated using a paired bearing approach, where the fledgling
location was identified as the spot where the two bearings, taken at different locations
intersected. To test for the error associated with these points, we ran a series of trials (n=28)
where transmitters were placed within our study site at a known location, and bearings were
taken by the technician who collected the 2019 New Hampshire points.
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We compared the points at the intersection of the bearings to the known transmitter locations,
resulting in an average error of 120 m with standard deviation of 93 m. Despite the error
associated with these points, we believe that they were representative of the areas used by Rusty
Blackbird fledglings.
Fledgling Habitat Metrics. We used ArcMap v10.7 (ESRI 2020) to map fledgling use and
random points and to generate associated habitat attributes. Individualized availability windows
were created for each fledgling at each daily age. We considered the space available to a
fledgling to be the maximum distance that the fledgling had moved among prior days. For
example, if a fledgling moved 100m between day 0 and day 1 and then moved 50 m between day
1 and day 2, then the assigned availability radius for days 1 and 2 is 100m on both days. The
buffer radius for this fledgling would remain at this distance until the fledgling moved a greater
distance on a subsequent date, in which case the availability window would increase to the
radius of the new longest distance. Using this method, each bird was given an individualized
availability area for each point at which it was located by radio telemetry. We randomly
distributed 10 points generated using the “create random points” tool in ArcMap throughout the
availability area for each day the individual was located. Random points that fell within bodies of
open water or on major roadways were removed from the analysis.
We modelled fledgling selection as a response to a suite of habitat variables. We created
canopy cover, canopy height, and relative small tree rasters from two USGS LiDAR sets, the
2016 USGS Western Maine QL2 set (OCM Partners 2022b) and the 2016-2018 USGS Umbagog
set for New Hampshire and Maine (OCM Partners 2022a). These sets were the most recently
flown LiDAR point clouds available for the region. We created the canopy cover (above 2 m)
raster by calculating average cover of LiDAR point returns in 10-m2 cells. We created the canopy
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height raster by subtracting the highest LiDAR point return value from the lowest (ground
surface) return value in 1-m2 cells. We used a predictive modeling approach created by Dr. Elias
Ayrey to generate the small tree raster. This approach incorporates multiple raster datasets
including spectral, phenological, disturbance, biomass, quadratic mean diameter, mean tree
height, and percent softwood data in conjunction with U.S. Forest Service Forest Inventory and
Analysis plots to predict the relative number (compared across stands) of small trees with DBH
values of 2.54-10 cm with a raster cell size of 10 m2 (E. Ayrey and K. Wilson, personal
communication). This analysis was conducted using the “randomForest” package in Program R.
Other variables included in the habitat selection analysis included distance to stream flowlines
and roads, and cover metrics buffered around use and availability points including low slope (08%) soils, softwood stands that had undergone PCT, and young (seedling and sapling) softwood
stands (Table 2.1). These same habitat variables were used in the survival analysis model set.
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Table 2.1. Description, optimized scale, and source of variables used in Rusty Blackbird
fledgling site selection and survival models at the among-stand scale in New Hampshire and
Maine, USA, 2019 and 2021. The optimized scale for each variable was chosen among four
scales (30m, 50m, 70m, and 100m) by AICc value ranking.
Variable
Canopy Height

Description
Average height (m)
of trees within buffer

Canopy Cover

Average canopy
cover (%) above 2m
within buffer

Small Trees

Relative number of
small trees within
buffer

Young Softwood

Percent cover of
softwood seedling
and sapling stands in
buffer.
Percent cover of 0 to
8% slope soils in
buffer
Percent cover of
precommercially
thinned stands within
the past 20 years.
Percent cover of all
wetlands in buffer

Slope8 Soils

PCT 20 Years

Wetlands

Optimized Scale Source
30 m
2016-2018 LiDAR:
Umbagog (NH,ME),
2016 USGS LiDAR:
Maine QL2 (OCM
Partners 2022a,b)
30 m
2016-2018 LiDAR:
Umbagog (NH,ME),
2016 USGS LiDAR:
Maine QL2 (OCM
Partners 2022a,b)
30 m
2016-2018 LiDAR:
Umbagog (NH,ME),
2016 USGS LiDAR:
Maine QL2 (OCM
Partners 2022a,b)
30 m
Landowner Stand
Inventory

50 m

Web Soil Survey (NRCS
2019)

30 m

Landowner Stand
Inventory

30 m

National Wetlands
Inventory (USFWS
2014)
State Roads Shapefiles
(MESCB 2021,
NHDOT 2021) and
Landowner Maps
National Hydrography
Dataset (USGS 2016)

Roads

Distance (m) from
n/a
point to nearest paved
or dirt road

Flowlines

Distance (m) from
point to nearest
stream, river, and
wetland flowlines

n/a
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Habitat Selection Analysis. We buffered all use and randomly generated availability points with
radii of 30m, 50m, 70m, and 100m, and cover metrics in Table 2.1 were quantified for each
buffer using the tabulate intersection and zonal statistics tools in ArcMap. We optimized each
cover metric for scale using Akaike’s Information Criterion for small sample sizes (AICc). We
considered the most informative model to have the lowest AICc value and parameters with beta
coefficients not overlapping zero (Gaillard et al. 2010, Burnham and Anderson 2002). The
optimized scale for each covariate (Table 2.1) was then used to develop the model set.
Prior to model development, we identified correlated covariates using Pearson’s
correlation coefficient. Canopy height as derived from LiDAR was correlated (Pearson’s
coefficient = 0.76) with canopy cover as derived from LiDAR. However, since canopy height
was ranked higher in the nest survival analysis and canopy cover was ranked higher in the habitat
selection analysis, we decided to retain both covariates. Once we removed correlated covariates
and optimized them for scale, we created Generalized Linear Mixed Models (GLMMs) for each
covariate, with nest included as a random effect to account for spatial autocorrelation between
birds from the same nest (Bolker et al. 2009). Given that fledgling passerines select different
habitat characteristics as they age (Raybuck et al. 2020) and survival rates often change after the
first few weeks following fledge (Cox et al. 2014, Naef-Daenzer and Gruebler 2016), we created
three model sets for our selection analyses based on three age-based periods: (1) 1-28 days since
fledge (DSF), (2) 1-14 DSF, and (3) 15-28 DSF. Day 28 was chosen as the end age as it was the
earliest age that a fledgling was observed to be independent from its parents. For each time
period, we ranked univariate models, both linear and quadratic, according to AICc. We included
the univariate linear or quadratic form of each covariate (based on which model ranked higher)
in subsequent two-covariate models which included all possible pairings of covariates. The final
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set of univariate and two-covariate models were ranked against each other according to
AICc. Parameters sourced from the top-ranked model, with beta coefficients not overlapping
zero, were used to create RSFs (Johnson et al. 2006). RSFs with their 85% confidence intervals
were plotted using the delta method with package “emdbook” in R statistical software (Arnold
2010, Powell 2007, Bolker 2020).
Fledgling Survival Analysis. We used package “RMark” in the R statistical software
environment (Laake 2013) to model DSR as a function of habitat covariates (Table 2.1, White
and Burnham 1999). We used nest survival models, which are appropriate for telemetry data
without discrete intervals (Rotella 2006). We were concerned about lack of independence
between fledglings and our small sample size, so we ran two separate analyses: (1) a model set
where we randomly selected one fledgling from each nest (n=22), and (2) a model set which
included all fledglings (n=35). We only explored univariate models so as not to overfit our data.
Results from both model sets resulted in the same model rankings, so we only present results for
the model set with all fledglings that maximizes our sample size.
Results
Fledgling Habitat Selection. During 2018, 2019, and 2021, we tracked 35 fledglings from 22
nests. Fledglings generally remained within 300 m of the nest for the first ~7 days, often moving
more than 1000 m after ~10 days (Figure 2.1). We saw increasing variance with each day postfledge, where some family groups made longer movements than others and at different times.
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Figure 2.1. Mean daily distances, with 95% confidence intervals, between Rusty Blackbird
fledgling locations and their nests of origin for the first 28 days post-fledging in Maine and New
Hampshire, USA, 2018, 2019, and 2021.
We compared habitat metrics (Table 2.1) at 518 fledgling points to 5,259 randomly-generated
availability points. We removed 271 random points that fell within open bodies of water from the
analysis. For the 1-28 DSF model set, the top-ranked model included wetland cover and canopy
cover as quadratic relationships with selection (R2 = 0.11); this model received considerable
support with an Akaike weight of 0.94 and the parameters had beta coefficients that did not
overlap zero (Table 2.2, Table 2.3). RSFs created from this model indicated that Rusty Blackbird
fledglings selected sites with canopy cover above 2 m between 25-75% with a peak at ~60%
(Figure 2.2). Fledglings selected for increasing cover of wetlands with a peak around 60%
(Figure 2.2), though there was high degree of variability in this relationship (Figure 2.2). The
45

top-ranked model for the 1-14 DSF model set also included wetland cover and canopy cover as
quadratic relationships with selection (R2 = 0.09); this model received all of the support with an
Akaike weight of 1.00, and the parameters did not have beta coefficients that overlapped zero
(Table 2.4, Table 2.5). RSFs created from this model indicated that fledglings selected for
canopy cover of 25-60% and for wetland cover greater than 25% as quadratic relationships with
selection, though with greater variation than the covariates for the top model in the 1-28 DSF
model set (Figure 2.3). Unlike the other two model sets, the top-ranked model for the 15-18 DSF
model set included linear distance to streams and canopy cover as a quadratic relationship (R2 =
0.23) (Table 2.6). RSFs constructed from this model indicated that fledglings were generally near
streams (≤300m) with highest selection at the stream. They selected for average canopy cover
above 2 m of 25-85% with a peak at ~60% as a quadratic relationship (Table 2.6, Figure 2.4);
however, this relationship was weak with an RSF value of only 0.1 at the peak; influence of
streams was much stronger.
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Table 2.2. AICc ranking results for two-covariate Rusty Blackbird fledgling site selection
models for DSF 1-28 in Maine and New Hampshire, USA, 2018, 2019, and 2021. All models
that ranked above the intercept-only model are displayed.
Model
Wetlandsa + Wetlands2 + Canopy Cover + Canopy Cover2
Wetlands + Wetlands2 + Flowlines + Flowlines2
Wetlands + Wetlands2 + Slope8 Soils + Slope8 Soils2
Wetlands + Wetlands2 + Small Tree
Wetlands + Wetlands2 + Young Softwood + Young
Softwood2
Flowlines + Flowlines2 + Slope8 Soils + Slope8 Soils2
Wetlands + Wetlands2
Flowlines + Flowlines2 + Small Tree
Flowlines + Flowlines2 + Young Softwood + Young
Softwood2
Flowlines + Flowlines2
Slope8 Soils + Slope8 Soils2 + Small Tree
Slope8 Soils + Slope8 Soils2
Canopy Cover + Canopy Cover2
Roads + Roads2
Small Tree
Young Softwood + Young Softwood2
PCT 20 Years + PCT 20 Years2
Intercept Only

AICcb
3167.52
3173.34
3199.46
3235.89
3239.59

∆AICcc
0.00
5.82
31.94
68.37
72.07

Wid
0.94
0.05
0.00
0.00
0.00

Ke
7
7
7
6
7

3245.06
3250.23
3264.97
3269.53

77.54
82.71
97.45
102.01

0.00
0.00
0.00
0.00

7
4
6
7

3288.90
3289.96
3330.42
3341.27
3386.68
3442.07
3466.89
3490.23
3490.59

121.38
122.44
162.90
173.75
219.16
274.55
299.37
322.71
323.07

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4
6
4
4
4
3
4
4
2

a

Covariates in bold have beta coefficient estimates that do not overlap zero.
Akaike Information Criterion for small sample sizes.
c
Difference in AICc relative to the top model.
d
model weight.
e
number of model parameters.
b

Table 2.3. Beta coefficient estimates for the parameters from the top-ranked model in Table 2.2
for Rusty Blackbird fledgling site selection for 1-28 days since fledge in Maine and New
Hampshire, USA, 2018, 2019, and 2021.
Model Parameter
Intercept
Wetlands
Wetlands2
Canopy Cover
Canopy Cover2
a
b

β Coefficient
-1.99
0.80
-0.18
-0.68
-0.36

LCLa
-2.10
0.55
-0.27
-0.84
-0.44

UCLb
-1.88
1.04
-0.09
-0.52
-0.28

85% lower confidence limit
85% upper confidence limit
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Figure 2.2. Resource selection functions with 85% confidence limits for wetland cover and
canopy cover in a 30m radius around use points from the top-ranked model in Table 2.2 for
Rusty Blackbird fledgling habitat selection in New Hampshire and Maine, USA, for 1-28 days
since fledge, 2018, 2019, and 2021.

48

Table 2.4. AICc ranking results for two-covariate Rusty Blackbird fledgling site selection
models for 1-14 days since fledge in Maine and New Hampshire, USA, 2018, 2019, and 2021.
All models that ranked above the intercept-only model are displayed.
Model
Wetlandsa + Wetlands2 + Canopy Cover + Canopy Cover2
Wetlands + Wetlands2 + Slope8 + Slope82
Wetlands + Wetlands2 + Small Tree
Canopy Cover + Canopy Cover2 + Slope8 Soils + Slope8
Soils2
Wetlands + Wetlands2
Wetlands + Wetlands2 + Flowlines + Flowlines2
Wetlands + Wetlands2 + Young Softwood + Young
Softwood2
Canopy Cover + Canopy Cover2 + Flowlines + Flowlines2
Slope8 Soils + Slope8 Soils2 + Small Tree
Canopy Cover + Canopy Cover2
Flowlines + Flowlines2 + Slope8 Soils + Slope8 Soils2
Slope8 Soils + Slope8 Soils2
Flowlines + Flowlines2 + Small Tree
Flowlines + Flowlines2 + Young Softwood + Young
Softwood2
Flowlines + Flowlines2
Small Tree
Roads
Young Softwood + Young Softwood2
PCT 20 Years + PCT 20 Years2
Intercept Only

AICcb
1995.60
2021.99
2025.74
2026.33

∆AICcc
0.00
26.39
30.14
30.73

Wid
1.00
0.00
0.00
0.00

Ke
7
7
6
7

2031.87 36.27
2032.16 36.56
2033.58 37.98

0.00 4
0.00 7
0.00 7

2046.29
2052.69
2076.14
2079.06
2082.78
2084.62
2099.14

50.69
57.09
80.54
83.46
87.18
89.02
103.54

0.00
0.00
0.00
0.00
0.00
0.00
0.00

7
6
4
7
4
6
7

2103.18
2110.00
2122.00
2135.99
2144.62
3490.59

107.58
114.40
126.40
140.39
149.02
149.39

0.00
0.00
0.00
0.00
0.00
0.00

4
3
3
4
3
2

a

Covariates in bold have beta coefficient estimates that do not overlap zero.
Akaike Information Criterion for small sample sizes.
c
Difference in AICc relative to the top model.
d
model weight.
e
number of model parameters.
b

Table 2.5. Beta coefficient estimates for the parameters from the top-ranked model in Table 2.4
for Rusty Blackbird fledgling site selection for 1-14 days since fledge in Maine and New
Hampshire, USA, 2018, 2019, and 2021.
Model Parameter
Intercept
Wetlands
Wetlands2
Canopy Cover
Canopy Cover2
a
b

β Coefficient
-2.10
0.62
-0.25
-0.61
-0.23

LCLa
-2.25
0.36
-0.38
-0.75
-0.33

UCLb
-1.95
0.89
-0.11
-0.46
-0.13

85% lower confidence limit
85% upper confidence limit
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Figure 2.3. Resource selection functions with 85% confidence limits for wetland cover and
canopy cover in a 30m radius around use points from the top-ranked model in Table 2.4 for
Rusty Blackbird fledgling habitat selection for 1-14 days since fledge in New Hampshire and
Maine, USA, 2018, 2019, and 2021.
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Table 2.6. AICc ranking results for two-covariate Rusty Blackbird fledgling site selection
models for days since fledge 15-28 in Maine and New Hampshire, USA, 2018, 2019, and 2021.
All models that ranked above the intercept-only model are displayed.
Model
Flowlinesa + Canopy Cover + Canopy Cover2
Flowlines + Wetlands + Wetlands2
Flowlines + Slope8 Soils + Slope8 Soils2
Flowlines + Small Tree + Small Tree2
Wetlands + Wetlands2 + Canopy Cover + Canopy Cover2
Flowlines + Young Softwood + Young Softwood2
Wetlands + Wetlands2 + Slope8 Soils + Slope8 Soils2
Wetlands + Wetlands2 + Small Tree + Small Tree2
Wetlands + Wetlands2 + Young Softwood + Young
Softwood2
Wetlands + Wetlands2
Slope8 Soils + Slope8 Soils2 + Small Tree
Canopy Cover + Canopy Cover2
Slope8 Soils + Slope8 Soils2
Roads
Small Tree + Small Tree2
Young Softwood + Young Softwood2
PCT 20 Years + PCT 20 Years2
Intercept Only

AICcb
1010.54
1047.70
1077.98
1080.59
1091.77
1102.98
1128.01
1141.21
1160.66

∆AICcc
0.00
37.16
67.44
70.05
81.23
92.44
117.46
130.67
150.11

Wid
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Ke
6
6
6
6
7
6
7
7
7

1164.99
1208.48
1209.20
1232.73
1251.20
1309.39
1333.34
1346.20
1347.04

154.45
197.93
198.66
222.19
240.66
298.85
322.79
335.66
336.50

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4
6
4
4
3
4
4
4
2

a

Covariates in bold have beta coefficient estimates that do not overlap zero.
Akaike Information Criterion for small sample sizes.
c
Difference in AICc relative to the top model.
d
model weight.
e
number of model parameters.
b

Table 2.7. Beta coefficient estimates for the parameters from the top-ranked model in Table 2.6
for Rusty Blackbird fledgling site selection for 15-28 days since fledge in Maine and New
Hampshire, USA, 2018, 2019, and 2021.
Model Parameter
Intercept
Flowlines
Canopy Cover
Canopy Cover
2

a
b

β Coefficient
-3.31
-2.25
-1.24
-0.57

LCLa
-3.59
-2.59
-1.59
-0.59

UCLb
-3.02
-1.90
-0.90
-0.34

85% lower confidence limit
85% upper confidence limit
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Figure 2.4. Resource selection functions with 85% confidence limits for distance to streams and
canopy cover in a 30m radius around use points from the top-ranked model for 15-28 days since
fledge in Table 2.6 for Rusty Blackbird fledgling habitat selection in New Hampshire and Maine,
USA, 2018, 2019, and 2021.
Fledgling Survival. Of the 35 fledglings tracked with radio telemetry, 25 (71%) were alive at
the conclusion of the tracking period (28 days). The top-ranked model from this set included
average canopy height in a 30-m radius circle around the use (Table 2.8). This model had
parameters with beta coefficients that did not overlap zero and received overwhelming support
with a AICc weight of 1.00 (Table 2.9). Though the fledgling sample size was small, resulting
survival curves suggest that Rusty Blackbirds fledglings experienced an increased likelihood of
mortality in areas with lower average canopy heights especially below 3.8 m (Figure 2.5).
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Table 2.8. AICc ranking results for habitat covariate Rusty Blackbird fledgling survival models
in Maine and New Hampshire, USA, 2018, 2019, and 2021. Models include all fledglings
(n=35).
Model
Canopy Heighta
PCT 20 Years
Roads
Wetlands
Nest Initiation
Intercept Only
Small Tree
Flowline
Time Trend
Slope8 Soils
Young Softwood

AICcb
86.87
98.40
101.16
101.59
101.61
102.04
102.15
102.98
103.12
103.26
103.36

∆AICcc
0.00
11.53
14.29
14.72
14.74
15.17
15.28
16.11
16.24
16.39
16.49

Wid
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Ke
2
2
2
2
2
1
2
2
2
2
2

a

Covariates in bold have beta coefficient estimates that do not overlap zero.
Akaike Information Criterion for small sample sizes.
c
Difference in AICc relative to the top model.
d
model weight.
e
number of model parameters.
b

Table 2.9. Beta coefficient estimates for the parameters from the top-ranked model (Table 10)
for Rusty Blackbird fledgling survival in Maine and New Hampshire, USA, 2018, 2019, and
2021. Models include all fledglings (n = 35).
Model Parameter β Coefficient LCLa UCLb
Intercept
-0.72
-3.09 1.64
Canopy Height
1.24
0.56
1.92
a
b

85% lower confidence limit
85% upper confidence limit
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Figure 2.5. Predicted daily survival rate (with 85% confidence limits) for Rusty Blackbird
fledglings as a function of canopy height from the top-ranked model in Table 2.8.
Discussion
Fledgling Habitat Selection. Rusty Blackbird fledgling habitat selection was driven by water
features and canopy cover with the relative importance of these features changing through time
as the fledglings age. In the first two weeks following fledging, fledglings selected areas with
increasing wetland cover with a peak at ~60% and canopy cover of 25-60% with a peak at ~40%;
however, there was high variance associated with each covariate. Our plotted RSFs suggest that
fledglings selected areas with at least 25% wetland cover though did not have a strong preference
after this threshold was reached. Similarly, fledglings preferred areas with average canopy cover
below ~65%, though saw great variability below this threshold. After two weeks out of the nest,
the relative importance of streams increased with fledglings selecting areas within 300 m and
being highest at the stream. This change in selection with age closely reflected our field
observations, where young Rusty Blackbirds often spent ~7 days in their natal wetland/stand
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before moving to streams. Family groups were often observed using connecting streams to move
between wetlands, though they sometimes followed isolated streams, in some cases ascending
mountains far from any wetland. Our findings are similar to those of Wohner et al. (2020), who
found that distance to 1st-3rd order streams and wetlands, in addition to cover of young
softwoods, were important for fledgling/family group habitat selection in New Hampshire.
However, their results displayed a linear selection of wetland cover, while our results suggest an
optimal amount of wetland cover; additionally, our results indicate the importance of canopy
cover in fledgling site selection. Our RSFs suggested that adults Rusty Blackbirds with
fledglings favor partial canopy cover (25-75%) above 2 m. This could be a result of their
frequent use of wetland and stream water features, which often featured patches of tree cover
while providing important foraging opportunities. Passerine fledglings often seek areas with
partial cover; Ovenbird and Worm-eating Warbler fledglings selected sites with a greater number
of woody stems (Vitz and Rodewald 2011), and Cerulean Warblers (Setophaga cerulea) selected
areas with greater vertical vegetation density and canopy cover (Delancey and Islam 2019).
Similar behavior has been observed in non-passerines; Northern Flicker (Colaptes auratus)
fledglings selected areas with dense tree cover (Gow and Wiebe 2014).
Our results for Rusty Blackbird fledgling site selection were similar to those for nest site
selection. Results from a concurrent study in commercial forests of northern New England
revealed that wetland cover and canopy cover were the primary drivers for Rusty Blackbird nest
site selection at the stand scale (Douglas Chapter 1). Similarly, other Rusty Blackbird breeding
studies in the region found that nest site selection was driven by wetland cover (Buckley Luepold
et al. 2015, Wohner et al. 2020). Around two weeks after fledging, we note an apparent shift in
fledgling habitat selection, namely a strong attraction to streams (Figure 2.4). Fledglings of other
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passerine species have selected habitat features that differ from those used by their parents; these
decisions can be driven by increased protection in the form of more abundant lateral cover and
denser stems, or better access to food resources (Vitz and Rodewald 2011, Fiss et al. 2021,
Anders et al. 1998, White et al 2005, King et al. 2006, Goguen 2019, Fish et al. 2020). Akresh et
al. (2009) noted the particular importance of riparian areas as foraging habitat, as they captured a
disproportionate number of juveniles in riparian forests, even among species that do not nest in
riparian areas such as the upland-nesting Ovenbird (Seirus aurocapilla). This trend was
explicitly documented in the boreal mixedwood region in which Rusty Blackbirds breed, where
riparian areas had greater avian species richness and abundance during the breeding season, as
well as greater abundance of invertebrates (Mosley et al. 2006). These results were corroborated
by Streby et al. (2011), who demonstrated that fledgling movements were driven both by
vegetative structure and prey availability. We speculate that Rusty Blackbird fledgling selection
for riparian areas and partial cover could be driven by a similar mechanism, as areas with these
characteristics likely provide better foraging opportunities and protection from predators (Mosley
et al. 2006, Streby et al. 2011). Increased selection of streams over wetlands as the fledglings age
could be the result of changes in aquatic invertebrate prey availability as the summer progresses.
Wetlands in our study area saw a marked decrease in water levels as the breeding season
progressed (Douglas and Foss, personal observations). Our results suggest that, similar to nest
site selection and fledgling site selection among other passerines, Rusty Blackbird fledgling site
selection may be largely influenced by seasonal dynamics of freshwater features.
Fledgling Survival. The fledgling mortality rate was relatively low in our study (28%). This rate
was slightly better than the only other study of Rusty Blackbird fledgling survival, which
reported a mortality rate of 39% among fledglings in northern New Hampshire (Wohner et al.
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2020). Our findings suggest that fledglings that used areas with lower relative canopy heights
saw reduced daily survival. Canopy height was strongly correlated with canopy cover (r= 0.76).
Fledgling avoidance of areas with low canopy cover and mortality increased when canopy height
was short suggests Rusty Blackbird fledglings are making adaptive decisions.
Vegetation features have been linked to fledgling survival in a number of avian studies;
in a review on the subject, Cox et al. (2014) found that 63% of fledgling survival studies
identified at least one habitat variable that was linked to survival. Denser vegetation, greater
canopy cover, and increased vegetative structure have been demonstrated to improve fledgling
survival (Jones et al. 2017, Gow and Wiebe 2014, King et al. 2006, Cohen and Lindell 2004).
While Wohner et al. (2020) did not identify any habitat characteristics associated with Rusty
Blackbird fledgling survival in their study, they did not incorporate canopy height, canopy cover,
or other LiDAR-derived metrics into their models. Curiously, our fledgling survival results in
respect to canopy height are inverse to those found in a concurrent nest survival study in the
region, where increased daily survival rate of nests was associated with lower canopy heights
(Douglas Chapter 1). Areas with canopy heights greater than 4 m were associated with greater
fledgling survival, while areas with canopy heights greater than 5 m were associated with
reduced nest survival. These results suggest a difference in threats to nests and fledglings,
precipitating the need for fledglings to seek habitat with different characteristics than that used
for nesting. This could be due to different predators being a threat at each stage in the breeding
cycle. Buckley Leupold et al. (2015) documented that red squirrel (Sciurus vulgaris) were the
most common predator of Rusty Blackbird nests and that may be attracted to taller softwood
trees which are more likely to have cones (Matsuoka et al. 2010, Greene et al. 2002). As
fledglings age and gain the ability to avoid terrestrial predators more easily (Tome and Denac
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2012), they may be more susceptible to avian predators, necessitating the need for taller stands
with greater canopy coverage. This reflects work with other passerines, which has documented
that habitat optimal for nest survival may not be optimal for fledgling survival (Shipley et al.
2013, Fiss et al. 2021).
PCT did not affect fledgling survival, likely due to very few fledglings spending time in
stands with PCT. However, concurrent research has demonstrated that PCT stands could
negatively affect nest survival (Douglas Chapter 1). Overall, fledgling survival (71%) in our
study was not low enough to warrant special concern, as it was relatively high when compared to
other passerine studies (19%-87%) (Rush and Stutchbury 2008, Cox et al. 2014). This important
finding suggests that fledgling mortality during the breeding season is likely not a contributing
factor to the species’ precipitous population decline.
Management Recommendations. Our results have important implications for managing
Rusty Blackbird, an imperiled species. Management plans for Rusty Blackbirds should
incorporate habitat needs during both nest and fledgling stages of the breeding season. Habitat
characteristics should include vegetation and water features associated with nest and fledgling
survival. Our findings highlight the importance of freshwater features in spruce-fir forests as
Rusty Blackbird fledgling habitat. Ideally, streamside habitat should contain extensive woody
cover with average canopy height greater than 3.75 m where possible, as these areas were
favored by fledglings. Areas of greater canopy coverage have the potential to increase fledgling
survival, which was positively associated with greater canopy height.
Our work demonstrates that value of LiDAR-derived datasets for habitat selection studies
especially for metrics that are difficult or time consuming to measure in the field such as canopy
cover and height; additionally, fledglings may make large movements crossing many
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ownerships, which may present a considerable access challenge for field measurements. We
encourage landowners and managers to use publicly available geospatial datasets such as the
National Wetlands Inventory (USFWS 2014) and the National Hydrography Dataset (USGS
2016) to identify important freshwater features in combination with forest cover (e.g. National
Land Cover Data or landowner timber inventories) and LiDAR-derived forest structure datasets
to identify suitable fledgling habitat for Rusty Blackbirds.
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APPENDIX
Appendix Table 1.1. Descriptive statistics (mean ± SE) for within-stand metrics recorded at
Rusty Blackbird nest points and associated random points, divided into stands that have been
precommercially thinned (PCT) within the past 20 years or not in Maine and New Hampshire,
USA, 2019 and 2021. P-values generated from two-sample t-tests.
Metric

No PCT

PCT

p-value

Canopy Cover %*

0.53 ± 0.02 0.34 ± 0.03 <0.001

Total Basal Area (m2 ha-1)

16.8 ± 0.8

11.6 ± 0.03 0.02

BA Small Conifers (m2 ha-1) 13.1 ± 0.8

10.3 ± 2.1

0.02

Herb Ground Cover %

53.± 3

43 ± 8

0.18

Shrub Ground Cover %

32 ± 2

37 ± 7

0.57

Tree Ground Cover %

25 ± 2

17± 4

0.07

Canopy Height (m)*

2.8 ± 0.2

2.0 ± 0.2

0.01

*as derived from LiDAR data
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Appendix Table 1.2. Descriptive statistics (mean ± SE) for metrics recorded at Rusty Blackbird
nest points and associated random points at two spatial scales in Maine and New Hampshire,
USA, 2019 and 2021.
Scale

Metric

Nest

Available

202 ± 16

205 ± 6

Distance to Streams (m)

190 ± 24

205 ± 7

Cover of Slope8 Soils (%)

85 ± 4

53 ± 2

Mean Canopy Height (m)

2.9 ± 0.2

7.4 ± 0.2

Mean Canopy Cover (%)

50 ± 2

81 ± 1

Young Softwood Cover (%)

51 ± 5

30 ± 2

PCT 20 Years Cover (%)

11 ± 4

6±1

Among Stand Distance to Roads (m)

Within Stand

Rel. Number of Small Trees* 6.7 ± 0.4

7.7 ± 0.2

Wetland Cover (%)

33 ± 4

9±1

Canopy Cover %

0.52 ± 0.02 0.49 ± 0.02

BA Small Conifers (m2 ha-1) 16.9 ± 1.2

8.8 ± 0.7

Herb Ground Cover %

49 ± 4

56 ± 3

Shrub Ground Cover %

35 ± 3

31 ± 2

Tree Ground Cover %

25 ± 2

23 ± 3

CH5MR (m)

2.6 ± 0.3

2.9 ± 0.3
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